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THE INTERACTIVE EFFECTS OF THE AVAILABILITY OF OBJECTIVES

AND/OR RULES ON COMPUTER-BASED LEARNING: A REPLICATION

Paul F. Merrill, Michael H. Steve, Stanley J. Kalisch,

and Nelson .3_ Towle

Florida State University

ABSTRACT

replicate extend the results of a previous study by

the principal author, this study investigated the effects of

behavioral objectives and/or rules on computer-based learning task

performance The 133 Ss were randomly assigned to an example-only,

objective- example, rule-example, or objective-rule-example group.

The availability of rules and/or objectives rAuced the number of

examples required to meet criterion 'performance and increased

posttest performance. In addition, rules reduced display latency

and test item response latency, and increased retention test per -

formance. Rules also decreased the level of within task state

anxiety,



THE INTERACTIVE EFFECTS OF THE AVAILABILITY OF OBJECTIVES

AND/OR RULES ON COMPUTER-BASED LEARNING: A REPLICATION

Paul F Merrill, Michael H, Steve, Stanley J. Kalisch,

and Nelson J. Towle

Florida State University

1

The effects of the availabillty of objectives and/or rules on

the 1 a n-ng process were investigated by Merrill (197Q)_ -usi r ^an

imaginary science as the learning task Merr-'111 found that

the presentation of rule reduced the number of examples and total

time requi red to complete the task and increased performance on a

transfer test The availability of objectives reduced test item

response latency and the number of examples required to meet criterion

performance An objective by rule interaction with test item response

latency as criterion revealed that objectives had a greater effect in

reducing response latency when added to a task which had no other focus-

ing or organizing stimuli than they did when added to a task which had

other effective oriented stimuli such as rules. Ability by treatment

interactions were obtained using test item response latency as criterion

and reasoning ability test scores as covariables. These interactions

showed that the availability of objectives and/or rules significantly

reduced the requirements for reasoning ability in responding to test

1
-Paper presented at the annual meeting of the American Psychological
AsSociation, Honolulu, Hawaii, September, 1972.

1
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items. The purpose of this study was to replicate and extend the results

of the previous study using an actual classroom task rather tnan an

imaginary science,

Based on the results of the previous study, i it was hypothesized

that the presentation of objectives and/or rules would significantly

reduce the number of examples required to reach criterion performance

and would reduce the requirements for reasoning ability. Rules were f, so

expected to reduce display latency, reduce test item response latency,

reduce post, retention, and transfer latencies, and increase pe=foemahc

on a transfer test. Objectives were expected to reduce test item

latency. As an extension to the previous study, it was further hypothe-

sized that objectives and/or rules would reduce state anxiety within the

task (Merrill & Towle, 1972).

Method

Subjects

The 140 S's who participated in this study were volunteers tr_m

introductory psychology and math education classes at The Florida State

University. However, seven of the original Ss were eliminated from the

data analysis because they failed to complete all phases of the study,

A titude Measures

TWo cognitive ability tests and a trait anxiety scale were

administered to all Ss in. group testing sessions. Based on their

relevance to the task, the Letter Sets and Ship Destination cognitive

ability tests were selected from the Kit of Reference Tests for

Cognitive Factors (French, Ekstrom, & Price, 1963). The trait anxiety



3

scale used was the STAI A-T ait scale developed by Spielberger, Gorsuch,

and Lushene (1970), A short form of the STAI A-State scale (O'Neil,

1970) was given at three points during the task

x e imental Tasks and Materi

The learning task used in this study was developed by the authors

utilizing eight rules based on the primitive mixed functions of the APL

Programming Language (McMurchie, Krueger, & Lippert, 1970), Rules -H2ril

the APL language were selected as the learning task sIne APL is currently

being taught in college courses across the country, while the uniquenos5

of APL makes it possible to easily screen Ss who have hod -revious

experience with the language. The instr ctional program consisted of

a module for each of the eight .rules ordered in a subjec.tiliCy determin

easy-to-hard sequence. The materials For each module inr_luded a statement

of an objective, a statement of a rules fi ve examples oT the ,ule, and

five short constructed response tests, Each test coolsted = th ee tenis

which required Ssto apply the appropriate rule rule and obj__

statements, examples, and sample test items may be found i n Appendix ii h-

The post- and retention tests used in this study cotislsted of 24

constructed response items similar to the item used in the module tests.

Both tests contained three items for each of the eight. rules in the program

The transfer task consisted of two examples and three const ucted r sponse

test items for eight new rules which were logical extensions of the rules

used in the original task. The Ss were required to infer each new rule

from the examples and apply the inferred rule in the three test items,

The transfer test score was the total number of test items answered correctly

by Sa. An example and test item for each of the eight. transfer rules are

included in Appendi
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The instructional program and tests were wei tren in the Course-

writer II language and presented on a cathode ray tube te,-winal by the

IBM 1500/1800 computer-assisted instructIon system.

Procedure

After the administration of the two ability tests and the STAI

A-T ait scale, each S was randomly assigned to one of four treatment

groups: an example-only group (n = 33), an objective -example group (n

a rule-example group (n = 34), or an objecti ule-exawple group (n

Figure 1 is a graphical representat'on of the 2 x 2 facto design

formed by these groups, In learning the AFL rules, Ss n Ue example -only

thode ray T begroup received an example of the first rule displayed oo

terminals After studying the example, each S ,eslimided to 6 three-item

constructed response test in which he was oequired to vedict cevtaln values

using the rule inferred from the example if The S vespo ded correctly to

at least two of the three test 1 teMS , he was gien an example of the next

rule in the sequence. Otherwise he was given arothor ex ipie of the same

rule followed by three more test ems This sequence of an exampe,

followed by a test, continued until the S answered at least. two of the

three test items correctly, or until 6e received f7ve ex.amples of the rule _

This procedure was repeated for all eight, modules of the task. A computer-

administered posttest was presented immediately Fe -lowing completion of

the learning task, and computer-administered retentIon and transfer tests

were presented two weeks later

The 5s in the Other three groups were presented the APL rules

by the same basic procedure, except, for the following treatment differ-

ences. The objective-example group received a statement of an objective
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in addition to the corresponding example; the rule--example group eLeived

a statement of the rule in addition to the corresponding e imo'e nd tH

objective-rule-example group received statements of both the objective.

and the rule in addition to the example. The five-item STA1 A-State scale

was- presented via computer terminal to all Ss prior to the learning

immediately following the fourth module, and again following the fi

module.

OBJECTIVES

RULES

NO YES

NO

EXAMPLE
ONLY

33)

RULE-
EXAMPLE

(In - 34)

YES

OBJECTIVE-
EXAMPLE

(n. . 33)

OBJECTIVE-
RULE-EXAMPLE

(n = 33)

Figure 1.--2 x 2 Factorial Design Used
this StudyB

task,

Results

In addition to the total scores on the two cognitive ability tes

STAI A-trait scale, STAI A-state scale, posttest, retentior- _st, and

transfer test mentioned in the procedures section, data were obtained for

each S on the following criteria: total number of examples required to

learn the APL rules, display latency, post-, retention, and transfer t

item response latencies. Test item response latency was the total time

required by Ssto respond to the three-item tests following each example
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display. Display latency was the total time spent. studying the wpies,

and depending upon S's treatment group, the corresponding rule: and,

objectives.

Descriptive statistics and reliability COeffiCiOntF rOe the

abiiity .rests , the A-Trait scale, and the three administratiors of the

A-Stat (Ale are found in Table 1. The reliability coefficients cf

the A-Trait and A-State scales were estimated using coefficient alpha-

The liability coefficients of the ability tests wee estimated Gsing

the Kuder-Richardson formula 20 (KR-20), Although the ebil.ty tests

were hot pure speeded tests, they were ttmed, The!'efore, these

bilit" coefficients should be interpreted with caut,on Using fc2/muld

KR-20, the reliability coefficients of the post-, retention, and

transfer tests, which were not speeded, were estimated tL be 89, 85,

and .87, respectively.

-TABLE 1

Descriptive Statistics of Ability,

A-Trait, and A-State Medsures

TESTS
ER

OF ITEMS MEANS S.D. RELIABILITY

Letter Sets Test 15 10.1 2.3
,598

Ship Destination 24 12.8 4.5 .86

A-Trait 20 37.8 8.3
b

.87

A-State (Pre-task) 5 9,8 3.3 .841)

A-State (Mid-task) 5 9.5 3 8 .88

A-State (Post-task) 5 11.8 4.8
.92b

a. KR-20
b. alpha



The means and standard deviations for each group on the number

of examples received and post-, retention, and transfer test scores arc

reported in Table 2. These criterion measures were analyzed using a

two-factor analysis of variance with objectives and rules as factors.

The results with number of examples as criterion revealed a significant

rule effect (F = 106.48, df = 1/129, p .001) and a significant objec-

tive effect, (F . 4.38, df = 1/129, p .05), wherein the presentation

of .rules and/or objectives reduced the number of examples required t

learn the task.

Using posttest scores as criterion, a significant rule effect,

(F = 30.58, df - 1/129, p .001), and a significant objective effect,

(F = 3.95, df = 1/129, p < .05) were obtained, where both rules and

objectives increased posttest performance. Similar analyses conducted

with retention test scores as criterion revealed a significant rule

effect, (F - 17.78, df = 1/129, p < .001), with the rule groups obtaining

the higher retention tests scores. No significant effects were obtained

using transfer test scores as criterion.

The means and standard deviations for the four groups on the

five latency criterion measures are found in Table 3. These latency

measures also were analyzed using a two- factor Analysis of variance.

A significant rule effect was obtained for display latency (F = 6.59,

df = 1/129, p .05) and for test-item-response latency (F . 12.01,

df = 1/129, p .01) with the rule groups taking considerably less time

to study the displays and respond to the criterion test items. Analyses

using post-, retention, and transfer test-item-response latencies as
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criteria yielded a significant rule effect for posttest latency .(F , 13.3,

df = 1/129, p .01), where the presentation of rules increased the amu..._

of time Ss spent on the posttest No significant differences were obta;oo

ition or transfer tests-item-response late c

sion analyses of the individual ability scores, A-.

! t'oe criterion measures were conducted- However,

ly V 1_.eatment interactions were obtained.

means and standard deviations on the pre-task, mid-task, ar,d

Q

-It

rpDst-q , A= tate scales for the f ur experimental groups are presented

in Te.t, - These data were evaluated by a three-factur an lysis of

variarG which objectives, rules, and task periods were the independent

variable wt..11 repeated measures on the iast factor, The results of this

analysis revealed a significant period effect, (F , 28.53, df 2/258, p

with the evel of A-State generally )ncreasing across periods, and a sig-

nificant rule by period interaction, (F - 424, df , 2/258, p 05), A

graph of the interaction is found in Figure 3, An analysis of covariance

with mid -task. A-State scores and post-task A-State scores as criteria and

pre-task A-State scores as the covariate resulted in a significant rule

effect 4.24, df = 2/258, p r .05) on mid -task A-State. No effect was

obtained on post-task A-State. These results revealed that presentation of

rules for the first four modules reduced the ievel of A-State for the rule

groups while A-State increased over the same period for thoSe who were

given no rules. However, the level of A-State for the rule groups increased

to about the same level as the other groups at the completion of the eighth

module.
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TABLE 4

Group Means and Standard Deviations fo
the A-State Scale of the State-Trait

Anxiety Inventory

G cups
Pre-

Task
A-State

Mid-
Task

A-State

Post-
Task

A-State

Mean 9.2 10.2 12.E
Example Only

SD 3.5 4.8 -- 5

Mean 9.5 9.8 11.6
Objective-Example

SD 4.1 4,1 6.3

Mean 10.3 9.3 11..8

Rule-Example
SD 2.6 3.0 4.3

Mean 10.1 8.6 11.3 1

Objective-Rule
Example SD 2.9 3.1 4.3
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Figure -Interaction of Periods of Test Administration and No-Rule
(NR) and Rule (R) Treatments with State Anxiety Score
Means as Criterion
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Discussion

The purpose of this study was to replicate and extend an

earlier study by Merrill (1970), where the interactive effects of ob

tives and/or rules on the learning process were investigated uSic,g all

Imaginary science. On the basis of the results from the earlier study,

it was hypothesized that rules and objectives would decrease

number of examples required to reach criterion performance on

learning task, The results from the present study confi. rm the hypoesis

and thereby replicate the findings of the earlier study. Results from

both studies indicate that the presentation of verbal statements of

enable most Ss to learn the task with a minimum number of examples.

The availability of objectives has a similar but less pronounced effect..

Since the experimental procedure required all subjects to per-

form at a minimum criterion level on each rule before proceeding to

the next, no group mean differences were expected on the posttest- How-

ever, the difficulty of the last four rules prevented several Ss from

reaching criterion before all 5 examples were exhausted. An analysis of

the Ss who failed =to reach criterion revealed that the percentage of

misses for the example-only, objective-example, rule-example, and

objective-rule-example groups were 37.5, 29,2, 11.4, and 9.5 percent,

respectively. Therefore, the significant differences on the posttest

may reflect the fact that many Ss did not reach criterion level per-

formance on some of the rules before proceeding to the following rule.

The hypothesis that the availability of rules would increase

performance on the transfer test was not supported by the results
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Inasmuch as all Ss did not reach criterion performance on the

original task, it is difficult to interpret their performance on 1

transfer test.

The significant rule effect on the latency measures replicates

the findings of the earlier study and demonstrates that the availability

of rules reduces the amount of time required to study the example

displays and respond to criterion test. items. However the hypothesis

that objectives would reduce test i tem response latency was not repli

cated in this study.

It was hypothesized that the availability of rules would decreci_

post-, retention, and transfer latency. However, the results showed that

rules actually increased posttest latency, This unexpected result may be

due to a higher frequency of guessing for the no-rule groups,

The significant periods effect with A-state scores as the

repeated measure supports the results found in earlier studies (O'Neil,

1970; O'Neil , Hansen, & Spielberger, 1969 wherein state anxiety is

increased as the difficulty of the task increases- The significant

rule by periods interaction supports the hypothesis that the availability

of rules reduces A-State within the task. The increase in the A-State

level for the rule groups after the initial decrease may indicate that

the availability of rules may be more effective in reducing A-State for

easy rules than for difficult rules.
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APPENDIX A

INSTRUCTIONAL MATERIALS



APPENDIX A: MATERIALS

MATERIALS FOR RULE 1

RULE

IF V IS A STRING OF NUMBERS, pV GIVE'S THE NUMBER OF ELEMENTS
IN THE STRING.

OBJECTIVE

GIVEN 3 PROBLEMS WITH OPERATION p AND A STRING OF NUMBERS, V,
YOU WILL COMPUTE pV FOR AT LEAST 2 PROBLEMS,

EXAMPLE 1: p2 31 4 17 GIVES 4

TEST ITEM 1: p25 43 GIVES

TEST ITEM 2: p0 1 2 GIVES

TEST ITEM 3; p2 0 0 1 GIVES

EXAMPLE 2: p123 456 GIVES 2

TEST ITEM 1: p28 13 21 GIVE

TEST I T E M 2 : p0 1 2 3 4 GIVES

TEST ITEM 3: p4 800 GIVES

EXAMPLE 3: p28 289 2889 GIVES

TEST ITEM 1: p236 0 14 GIVES

TEST ITEM 2: p170 17 170 17 GIVES

TEST ITEM 3; p100 1000 GIVES



EXAMPLE 4: 00 1 2 3 GIVES 4

TEST ITEM 1: p17 15 12 2 7 GIVES

TEST ITEM 2: pi 2 3 G VES

T E S T ITEM 3 : pi 0 2 0 3 0 4 GIVES

EXAMPLE 5: p27 72 31 13 4 GIVES

TEST ITEM 1: p3 7 2 GIVES

TEST ITEM 2: p0 1 11 3 8 1 GIVES

MST ITEM 3: p0 1 GIVES



MATERIALS FOR RILE 2

RULE

IF N IS A WHOLE NUMBER LARGER THAN ZERO, N GIVES A STRING
OF THE FIRST N WHOLE NUMBERS LARGER THAN ZERO,

OBJECTIVE

GIVEN 3 PROBLEMS WITH OPERATION t AND A WHOLE NUMBER , N, YOU
WILL COMPUTE 11V FOR AT LEAST 2 PROBLEMS

'EXAMFLE 1: 112 GIVES 1 2 3 4 5 6 7 8 9 10 11 12

TEST ITEM 1; 14 GIVES

TEST ITEM 2: 110 GIVES

TEST ITEM GIVES

EXAMPLE 2: 116 GIVES
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

TEST ITEM'l: 18 GIVES

TEST ITEM 2: l 3 GIVES

TEST ITEM 3: 114 GIVES

EXAMPLE 3: GIVES 1 2 3 4 5 6 7 8 9 10 11 12 13

TEST ITEM 1: t 9 GIVES

TEST ITEM 2: l5 GIVES

TEST ITEM 3: 111 GIVES



EXAMPLE 4: t 15 GI=
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

TEST ITEM 1: 17 GIVES

TEST ITEM 2 : t 2 GIVES

ITEM 3 : t 6 GIVES

5: 111 GIVES 1 2 4 5 6 7 8 9 10 11

IT ITEM 1: 14 GIVES

,..;11 ITEM 2 : t 14 GIVES

2:E'ST ITEM 3 : t 8 GIVES



N UM

RIALL FOR

RULE

IF V IS A STRING OF NUMBERS +IV GIVES T11_ SU:,1 OP 15

OBJECTIVE

GIVEN 3 PROBLEMS 11 OPERATION + AND A STRING OF NUMBERS,
YOU WILL COMPUTE +/V FOR AT LEAST 2 PROBLEMS,

EXAMPLE 1: 1.12 3 5 2 GIVES

TEST ITEM 1: + 1 3 2 GIVES

TEST ITEM 2: +10 2 GIVES

TEST ITEM 3: +112 23 1 GIVES

EXAMPLE 2: +i2 0 3 1 GIVES 6

TEST ITEM 1- +/3 0 2 3 GIVES

TEST ITEM 2: +/1 1 GI

TEST ITEM 3: +/2 0 0 GI

EXAMPLE 3: t 2 4 GIVES 6

TEST ITEM 1: +/10 100 3 GIVES

TEST ITEM 2: t/2 5 4 1 GIVES

TEST ITEM 3: +/2 2 2 GIVES



EXAMPLE §; 2 1 0 1 GIVES 4

TEST ITEM 1: t / 3 2 4 GIVES

TEST ITEM 2: +/0 1 3 5 2 GIVES

TEST ITEM 3: 4 5 GIVES

EXAMPLE: 5: 100 10 1 GIVES 111

TEST ITEM 1: +/5 5 GIVES

TEST ITEM 2: /4 7 3 GIVES

TEST ITEM 2 3 4 5 GIVES



IF V IS A STRING OF NL'NSERS, WE
OF THE STRING,

OBdECTIVE

GIVEN 3 PROBLEMS [VIM OFERATCN 1/ AND A
YOU WILL COMPUTE LT FOR AT LEAST 2 F,WBLEMS

EXAMPLE 1: 1-72 3 0 1 GIVES

TEST ITEM I Hi' 2 0 2 GIVES

TEST ITEM 2: 1/1 3 0 GIVES

TEST ITEM 3: fin 12 1 GIVES

EXAMPLE' 2:

TEST ITEM 1:

r/2 0 1

r,3 0

7C

GIVES

2 GIVES

TEST ITEM 2: F/3 GIVES

TEST ITEM 11 2 3 4

EXAMPLE 3: F/4 5 3 2 GIVES

TEST ITEM 1: 1/101 107 111 11 GI

TEST ITEM 2: r/5 5 4 4 4 GI

TEST ITEM 3: r/4 2 0 10 3 GIVES



EXAMPLE 4 : 1/2 3 2 5

TEST ITEM 1: F/2 1 1

TEST ITEM 2: 1/4 3 2

TEST ITEM 3: 1/2 1 3

4 3 2 GIVES

GIVES

2 4 3 3 GIVES

2 3 GIVES

EXAMPLE 5: r/o 100 21 25 GIVES 100

TEST ITEM-1;

TEST ITEM 2:

TEST ITEM

1/10 100 3 GIVES

1/2 1- 3 5 1 4 GIVES

1/5 4 3 2 GIVES



MATERIALS FOR RULE 5

RU LE

IF V I2 A STRING OF NUMBERS AND 5' IS A WHOLE NUMBER, SW
GIVES A STRING CONTAINING ALL BUT TifE FIRST 5 ELEMENTS OF V,

OBJECTIVE

GIVEN 3 PROBLEMS WITH OPERATIONAL +, A WHOLE' NUMBER, S. AND A
STRING CL NUMBERS V. YOU WILL COMPUTE S+V FOR AT LEAST 2 PROBLEMS

EX,1MPLE 1: 214 1 3 6 2 GIVES 3 5 2

TEST ITEM . 3+9 6 8 4 7 GIVES

TEST ITEM 2: 1*6 8 10 3 5 7 GIVE

TEST ITEM 3: 1 2 3 4 5 6 GIVES

EXAMPLE 2: 't 3 2 1 GIVES 1

TEST ITEM 1: 1+2 8 3 GIVES

TEST ITEM 2: 4+2 4 6 8 10 12 14 GIVES

TEST ITEM 3: 3 +1 2 1 3 1 4 GIVES

EXAMPLE 3: 14,3 5 8 7 GIVES

TEST ITEM 2+3 3 4 5 GIVES

TEST ITEM 2 : 5+0 1 2 3 4 5 GIVES

TEST ITEM 3: 2 3 4 5 5 GIVES



EX AMPLE 4:

TEST ITEM 1:

TEST ITEM 2:

T E S T ITEM 3 ;

EXAMPLE 5:

TEST ITEM 1:

TEST I T E M 2 :

TEST ITEM

3+5 4 3

54-54

2+1 0

3+1 0

5 l 1 3 2

2 3 1

4+6 5

1+0 1

2 1 UMW 2 1

3 2 1 0 GI V$

0 0 GIVES

1 2 3 4 GIVE,

4 9 7 6 8 GIVES

2 GIVES
=

4 3 2 1 0 GIVES

2 3 4 GIVES

7 6 8



ATERIA FO F' RULE 6

RULE

IF A AND B ARE STRINGS OF NUMBERS, A-i--)<B GIVES THE SUN OF T
PRODUCTS OF THE CORRESPONDING ELEMENTS OF A AND B.

OBJECTIVE

GIVEN 3 PROBLEMS WITH OPERATION +,,, A PAIR OF STRINGS OF
A AND B, YOU WILL COMPUTE At,x8 FOR AT LEAST 2 PROBLEMS.

EXAMPLE 1: 1 2+. 5 3 GIVES 11

TEST ITEM I: 1 0 3+. x 2 4 1 GIVES

TEST ITEM 2: 0 0+,x1 3 GIVES

TEST ITEM 3: 2 3+-x2 1 GI '

EXAMPLE 2: 2 3 2 ±.x3 4 2 GIVES 22

TEST ITEM 0 4 O+.x3 0 1 GIVES

TEST ITEM 2: 2 3+.x1 2 GIVES

TEST _TEM 3: 0 5 Ot 0 5 1 GIVES

EXAMPLE 3: 3 2+.x0 2 GIVES 4

TEST ITEM 1: 1 5-1-x5 0 GIVES

TEST ITEM 2: 2 3+ a x2 3 GIVES

TEST ITE 1 2 2 1 GIVES



EXAMPLE : 1 2 3 +.®2 3 l VES 11

TEST 1TEm 1: 1 0 I +.xO 1 0 GIVES

TEST ITEM 2! 1 ES

TEST ITEM 3 0 1 2 4+ 0 GIVES

EXAMPLE 5: 2 4 .31- 3 2 GIVES 22

7E57 ITEM 1: 1 0 2+. ®0 9 J GIVES

TEST -E 2; 1 1 2 Al 10; GI VE

TEST ITEM 3: 2 GI VES



MATERIALS FOR RULE 7

RULE

IF V IS A STRING OF NUMBERS AND S IS A WHOLE NEI: SOV
A WHERE THE ELEMENTS OF V ARE ROTATED CIRCULARLY S P LEi E:FC-_3

LE PT

OEJECTIVE

GIVEN 3 PROBLEMS WITH OPERATION tt, A WHOLE' NUF-!BSE
.,.:BERS V, YOU WILL COMPUTE SOT/ FOR AT LEAST 2 PRO3L,f.,.::,

'LE 1: 405 12 6 13 7 14 GI GIVES 7 14 5 s 2 E 23

. ITEM 1: 202 3 4 5 GIVES

ITEM 2: 7 5 10 15 20 GIVES

T'P 101 2 3 4 5 GIVES

EXAMPLE 2: 1021 32 45 GIVES 32 45 21

TEST ITEM 1: 302 3 4 5 GIVES

TEST ITEM 2: 047 1 6 5 GIVES

TEST ITEM 401 2 3 4 5 6 GIVES

EXAMPLE 3: 14 8 GIVES 8 6 14

TEST ITEM 1: 3 9 8 7 6 5 GIVES`

TEST ITEM 2: 4035 28 3 2 GIVES

TEST ITEM 3: 202 0 1 0 GIVES



EXAMPLE '

TEST ITEM 1:

1 ST ITEM 2.

TEST ITEM 3:

EXAMPLE 5:

TEST ITEM :

TEST ITEM

TEST ITEM 3:

3

102

402

297

3

1915

391

593

2 9 5 GI VE3 4 5

GIVES

1 5 01 VES

a 8 1 GIVES

2 GI VES 2 4 3

20 25 30 GIVES

2 3 GI

1 GIVES

1 3 2



C c=' 7'HE
L JELECI THE E L ENE PY T

OBJECTIVE

:11 OPERATION a AiLi L..) it RIN
E T 2 PROBLEMS

t 2.

A c: 2 4 5 Li

4' ES

2

l'

g t'S 'T ,1 f E M 2 ; .!:t l., -.7
t-,. ,!1.::.: V ES

TEL- :' : I F.?/4. : 4 !:-. 2 :,

2EX(iMiE 3: 3 9 J2tESi 2 5 .4 3

TE T ITEM 1 VEJ

TEST L,IVS

1E±Pf ITEM Al t 6 I JItE5



EXAMPLE 4 : 43 10 5 1 GIVES 4 1 3 2

TEST ITEM 1: 423 12 9 22 GIVES

TEST ITEM 2: 40 3 7 1 4 GIVES

TEST ITEM 3: 46 8 9 10 GIVES

EXAMPLE 5 : 48 3 0 6 GIVES 3 2 4 1

TEST ITEM 1: 410 100 1 1000 GIVES

TEST I T E M 2 : 46 5 4 3 2 1 GIVES

TEST ITEM 3; A2 8 5 6 9 GIVES



APPENDIX B

TESTS



I. +/2 1

POSTTEST

6 GIVES

2. 1/5 4 25 9 17 GIVES

J. 10 2 3+.1(3 0 1 GIVES

4. 403 1 6 2 9 arvEs

5 .

7.

42 7 9 1

p3 5 1 4

t9 GIVES

3 GIVES

2 GIVES

8. 2+9 8 7 GIVES

9. 40 3 1 2 GIVES

10. p3 4 5 0 2 GIVES

11. +/1 2 3 4 5 6 .2.0157

12. 5+6 1 2 4 3 2 8 10 GIVES ----=41e

13. 303 1 6 2 9 GT=

14. 12 GIVES

15. 1/5 1 4 3 GIVE'S



2 1 8 +.x1 2 3 GIVES

17. 45 3 0 2 4 G

18. 2 1 0 GIVES

1 1+.x9 3 GIVES

20. p15 24 GIVES

21. /10 2 10 G 5

22. 01439 6 1 3 GIVES

23. 14 GIVES

0 8 3 2 GIVES



1. p10 21 GIVES

2. GIVE

+/3 4 1 GIVES

r/0 g 4 2 GIVES

RETENTION TEST

5. 4,2

4

1 3 4 GIVES

11.,x2 1 3 GIVES

501 2 3 4 5 GIVES

. 42 1 7 3 4 GI

+/9 4 5 2 JIVES

10. 1/28 17 29 26 27 GIVES

7 6 5 9 GIVES

12. 20 0 3 1 4 2 S

p1 0 2 3 5 1 GIVES

14. t6 GIVES

15, 1 2 1 3 + +,x3 1 0 2 GIVES

16. 2 4 GIVES



17 r/15 4 GIVES

18. 0008 6 GIVES

19. 10 100-F.x3 4 GIVES

20. 10 0 $ G an/Es

21. 12 GIVES

22. 182 34 61 GIVES

23. +/0 1 2 3 4 5 GIVES

24. 1+0 3 0 1 2 GIVES



TRANSFER ITEM 1

EXAMPLE 1: r/4
EXAMPLE 2: r/2

PROBLEM 1: 1/2

PROBLEM 2: r/4

PROBLEM r/47

3 2
6 4

5 7

0 3

43

1

3

9

1

41

7

72

11

7

46

TRANSFER TEST

GIVES 1

6 GIVES 2

GIVES

GIVES

GIVES

:?ANSFER ITEM 2

1,XAMPLE 1: x/14 GIVES 24
EXAMPLE 2: x/18 GIVES 720

PROBLEM 1: x/13 GIVES

PROBLEM 2: x/13 GIVES

PROBLEM 3: x/12 GIVES

TRANSFER ITEM 3

EXAMPLE 1: 2 7 9 1F3 4 8 1 GIVES 3 7

EXAMPLE 2: 3 0 5 4_112 1 5 5 2 GIVES 3 1 6

PROBLEM 1: 3 1 2 413 2 1 3 GIVES

PROBLEM.2: 9 7 5 312 4 6 8 GIVES

PROBLEM 3: 25 4 32121 3 32 GIVES

2



TRANSFER ITEM 4

EXAMPLE 1 :
EXAMPLE 2:

PROBLEM 1:

PROBLEM 2:

PROBLEM 3:

T7 2
TO 3

472 6

172 3

5

6

1

3

4

6

1

2

7

1

3

3 GIVES 1

GIVES 2 4

GIVES

GIVES

1 4 2 GIVES

3

3

5

1

2,4

7RANSFER ITEM 5

EXAMPLE 1: 2 4 9+.'-2 3 5 GIVES 5

EXAMPLE 2: 9 7 6 4 +. -8 5 3 2 GIVES

PROBLEM 1: 11 2 1 +. -5 1 1 GIVES

PROBLEM 2: 2 0 5 3 +. -1 0 4 1 GIVES

PROBLEM 3: 3 4 1+,-3 4 1 GIVES

TRANSFER ITEM 6

EXAMPLE 1: =3+7 0 1 4 6 8 GIVES 7 0 1
EXAMPLE 2: -5+4 3 1 5 6 0 4 GIVES 4 3

PROBLEM 1: -1+2 1 3 6 GIVES

PROBLEM 2: -2 9 7 5 GIVES

PROBLEM 3 : -4+2 4 3 0 2 1 GIVES



TRANSF'E'R ITEM 7

EXAMPLE 1: -314)1 5 6 2 4 GIVES 6 2 4
EXAMPLE 2: -502 1 3 GIVES 1 3 2

PROBLEM 1: -104 2 0 GIVES

PROBLEM 2: -402 3 1 2 GIVES

PROBLEM 3: 2 8 1 GIVES

TRANSFER ITEM 8

EXAMPLE 1:
EXAMPLE 2:

3+5 6
5+2 1

4
7

1
3

2 GIVES 5 6 4
4 0 12. GIVES 2 1 7 3

PROBLEM 1: 2+3 7 4 5 GIVES

PROBLEM 2: 1t 4 2 7 3 GIVES

PROBLEM 3+2 7 17 GIVES

4
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